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Abstr act

Thi s paper presents a view of firm performance, industry
evol ution, and economc growh that contrasts with the
traditional representative firmnodel. The paper reviews recent
enpirical work, primarily studies using the Longitudi nal Research
Dat abase (LRD), that explicitly focuses on individual business
units. The major enpirical regularity in the studies is that
heterogeneity is pervasive -- it is found across and within al
sectors and across all plant characteristics. Further, firnms are
not only different in the cross-section. They enter at different
times, nmake different choices, and react differently to econom c
shocks. Thus, to understand econom c perfornmance and
conpetition, one nust nove beyond representative firm nodels.
Conpetition must be understood as a process in which sone firns
choose correctly and grow while other firms choose poorly and
die; the growh of the successful firnms at the expense of |ess
successful rivals drives econom c grow h.
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l. Introduction

The main purpose of this paper is to explore what we know
and how we think about firm performance, firmand industry
evol ution, and economc growh. To this end, we report enpirical
findings froma new literature that explicitly focuses on
i ndi vidual business units. This literature has been spurred by
recent theoretical devel opnments and, perhaps nore inportantly,

t he devel opnent of |ongitudinal mcrodata that track individual
plants over tine. |In contrast to traditional enpirical studies
of conpetition and econom c growth that exam ne aggregate
econom ¢ vari abl es such as industry or regional productivity,
this new work concentrates on differences in the behavior of
firms and their business units. The results energing fromthese
anal yses confirmthe inportance of m croeconom c approaches to
econom c research and place the firmat the center of economc
gr owt h.

The idea that differences in firns are inportant to
under st andi ng econom ¢ grow h and the performance of capitali st
econom es i s not new to econom sts. Schunpeter (1942) descri bes
the process by which conpetition produces econom c growh and
i nprovenents in |living standards as one of “creative
destruction.” Firnms constantly search for new products and new
ways of doing things to try to gain conpetitive advant age.

“The fundanental inpulse that sets and keeps the capitali st
engine in notion cones fromthe new consuners’ goods, the
new net hods of production or transportation, the new

mar kets, the new forns of industrial organization that
capitalist enterprise creates” (page 83).

Viewed fromthis perspective, firnms are, to put it
colloquially, where the action is. Economc gromh is not evenly



spread across firns. Sone firnms make correct choices. These
firms prosper and grow. Oher firnms nmake m stakes. These firns
contract and die. Economc growh is the outconme of successful
firms replacing | ess successful firns. It is the growth of
successful firns, and the decline of |ess successful firns, that
rai ses overall productivity.

Wi |l e Schunpeter’s view of the conpetitive process is
conpelling, it has not been the primary foundation for enpirical
research in economcs. Acadenm c research has been structured
around the “representative firnmf nodel. In this nodel, firns in
the same industry use the same production processes, produce
i dentical products, and face identical costs. Thus, all firns
react simlarly to shocks and the “industry” becones the
effective unit of analysis. Using this nodel has neant that
research in industrial organization and econom c growh, both
t heoretical and enpirical, has usually focused on expl ai ni ng
differences in “industry” performance, not the determ nants of
“firmf performance and success.!?

Two rel ated inpedi ments account for the paucity of mcro
approaches to the study of conpetition and econom c grow h.
First, the lack of statistics at the business unit or plant |evel
has nmade research in the area difficult. Mst governnental
statistics are provided at aggregate |evels broader than firnms or
plants.? Governnent data are dissemnated in aggregative formats
to protect the confidentiality of the data. New prograns for
data access that provide researchers the neans to anal yze the
m crodata and protect respondent confidentiality have been
inportant to the devel opment of the new enpirical literature (See
McGuckin 1992, 1995; McCGuckin and Reznek 1993, 1996).

Second, it is only recently that conputer resources have
been capabl e of handling the extensive data and mat hemati cal
cal culations required for nore m croeconom c approaches. Both of



these previous limtations influenced the direction of economc
research toward the representative firm nodel .3

Wth new enpirical research possibilities, the past 15-20
years have seen a nunber of new nodels in the economc literature
descri bing firm behavior and the associated industry dynamcs. A
common feature of these nodels is that uncertainty and limted
information cause firnms to take different approaches to conmmon
probl ens, thereby generating heterogeneity anong firns, even
within the sanme industry or product grouping. These theoretical
devel opnents, coupled with new databases and powerful conputers,
have led to a flood of enpirical studies of firm behavior and
performance. GCenerally speaking, the enpirical relationships
confirmthe rel evance of the new theoretical approaches. The
real world appears nmuch closer to that described by Schunpeter
than to the one that exists in nost econom c nodels; the behavior
of firmse within industries differs dramatically.

Het erogeneity in the distribution of business units is
pervasive along a wide variety of dinensions. Even within the
sane geographic areas and the sane four-digit industries and
five-digit product classes, as defined by the Standard I ndustri al
Classification (SIC), firns differ dramatically. Heterogeneity
is observed across tinme as well as in the cross-section (Davis,
Hal ti wanger, and Schuh 1996). Not only does the growth process
differ across firns, it is characterized by |large, discrete
nmovenents rather than snmooth or continuous changes even for those
firms in continuous operation (Dons and Dunne 1994; Power 1995).
During any tinme interval, observed changes are “lunpy” and
uneven, sone business units open and sone grow, while others
shrink and die.

Taken together, this evidence rejects representative firm
nodel s and enpirical anal yses based on industry-Ievel
observations. Econom c performance and conpetition cannot be



understood in terns of differences in the behavior of an
“average” firmin an industry-level analysis.* In fact, nost of

t he observed variation in the data is within industries.?®
Moreover, the vast mpjority of this variation is not associ ated
with traditional observables such as |location, industry, size,
age, or capital. Rather, this variation is associated with
unobserved firm or business unit-specific factors, many of which
appear to be long-lived attributes of the business unit.

We begin the paper with a brief discussion of the new
nodel i ng approaches used to explore firm performance and
associ ated industry dynamcs. This section is brief, introduced
sinply to provide context for the main body of the paper. The
primary focus of the paper is to describe enpirical regularities
energing fromthe new research with m crodat a.

We review the enpirical literature and describe the energing
enpirical regularities that informour understanding of firm
performance and evolution. W nmake no attenpt to be
conprehensive in the studies we cover. References are primarily
to studies using the Longitudi nal Research Dat abase (LRD), an
ext ensi ve database of |ongitudinal plant-level data covering the
i nputs and outputs of virtually every manufacturing plant in the
U.S. since 1963.°%° This database has supported a | arge vol une and
w de range of policy and academ c research over the |ast seven or
ei ght years.’” The discussion of enpirical regularities is
organized in terns of a sinple enpirical nodel that categorizes
the factors that determne a plant’s behavior into those 1)
specific to the plant, 2) associated with the firmthat owns or
manages it, and 3) related to the industry or products that
conprise its output.

After describing the enpirical regularities in the cross-
section, we nove to a nore dynam c picture of firm performance,?
reviewing the literature on how firm characteristics change over



time and providing some new evidence on how persistent firm
performance is across tine.

We t hen descri be how understanding the underlying firmlevel
dynamcs is critical to understandi ng industry performance and
structure. Firmdynamcs, the growth of successful firnms and the
dem se of unsuccessful firnms, determ ne observable industry
characteristics. Further, the underlying heterogeneity of firns
affects how the aggregate econony responds to exogenous shocks.
Wiile a clearer picture of firmperformance and evol uti on and how
these affect aggregate perfornmance is energing, nore work is
needed. W suggest areas for future research in our concl usion.

I1. Beyond the Representative Firm, Theoretical Background

Conpetition is a dynam c process involving many di nensi ons.
Modeling it in ways that allow individual firns to differ is
necessarily abstract and conplex. The criticismof the
representative firmapproach has a long history. Nelson and
Wnter (1982) succinctly stated the case for devel oping explicit
nodel s of firm behavior:

“... 0t [is] inevitable that nodels built according to the
ort hodox blueprints mss conpletely or deal awkwardly with
these [a |l arge degree of uncertainty and limted information
available to firms trying to decide what is their best
strategy] features of econom c change” (page 400).

Firms operating in an uncertain world with limted
i nformati on choose to produce different products and enpl oy
di fferent production nethods. 1In turn, these different choices
generate heterogeneity anong firns, even anong firns classified
within the sane industry. Firns are different -- they enter at
different tinmes, have different investnent patterns, possess



different information, use different production technol ogies, pay
di fferent wages, and so on -- and this causes themto react
differently to changes in their environment. Thus firns adjust
to econom c shocks differently, inplying that change is
idiosyncratic or firmspecific.

Nel son and Wnter were not alone in their attenpt to devel op
new approaches to nodeling firm behavior. Jovanovic (1982) and
Pakes and Ericson (1989) al so devel oped nodels of firm
performance and behavi or that captured the uncertainty and
l[imted information that characterizes firmdecision making. 1In
contrast to Nelson and Wnter, these authors did not abandon the
use of nodels with long-run equilibriumproperties. The
equi libriumnodels feature firns that learn (either actively or
passi vel y) about their relative efficiency, their product
quality, and/or the profitability of their research and
devel opment (R&D) as part of ongoi ng operations, usually wthin
a specific industry.® As the firns |earn about thensel ves, they
make deci sions about whether to continue in operation or to
close. The nodels predict systematic differences in firmgrowh,
generate testable predictions about the distribution of size,
age, and gromh rates of firns within particular industries. The
steady state distribution of firns is characterized by
het erogenous firns (firms with different sizes and ages) in which
change has a large idiosyncratic (firmspecific) conponent.

Thus, the nodels provide a framework for structuring enpirica
anal ysis of firmand market behavior that allows for 1) intra-
i ndustry heterogeneity and 2) idiosyncratic (firmspecific)
sour ces of change.

A key issue that the new nodels highlight is that with
het erogenous firns and idiosyncratic sources of growh, selection
mechani snms are very inportant. That is, the factors that
determ ne which firns survive and grow and which fail and die are



inmportant to both firmconpetition and growth and industry
evolution. Firnms that are relatively productive will choose to
continue in the industry and will grow. Firnms that are |ess
productive will |ose market share and eventually go out of

busi ness. For an excellent exanple of enpirical work using this
nodel i ng approach, see Oley and Pakes (1996). As we discuss in
nore detail below, just what factors determ ne firm success and
failure remains an inportant open question.

I11. Empirical Regularities

Qur stated goal is to review what we know and how we t hi nk
about firm performance and evol ution. Recent theoretical
devel opnents suggest that given the degree of uncertainty in the
environnent and the |lack of information about the “right” way to
do sonething, there is likely to be considerable firmleve
het erogeneity. This heterogeneity is the result of
experinmentation by different firns. Further, the theoretical
[iterature posits that this heterogeneity will affect firmleve
dynam cs and, ultimately, industry and aggregate perfornance.
What does the enpirical literature have to say about this view of
t he worl d?

The enmpirical literature has seen extensions that parallel
those in theoretical literature. Wile this research area is
still fairly young, a nunber of enpirical regularities have
energed. O particular interest, the new enpirical work confirns
the i nportance of the theoretical approaches outlined above. For
exanpl e, the nost conpelling enpirical regularity confronting
researchers is the trenmendous anount of diversity in firmand
pl ant characteristics and behavior. Even within industries,
firms have very different attributes al ong many observabl e
di mensi ons such as size, age, wages, productivity, job creation
and destruction, investnent patterns, and productivity grow h.



In fact, within-industry differences anong firnms al ong
practically every di nmension show greater variability than the
variability of the average of the sanme variabl e between
i ndustries (Davis, Haltiwanger, and Schuh 1996).1°

VWhile there is tremendous heterogeneity in plant
characteristics and plant performance, researchers are
identifying rel ationships between theses characteristics and
performance. It is useful to think of this variation in plant
performance as attributable to four sources: 1) plant-specific
factors, 2) characteristics associated with the firmthat owns
the plant, 3) factors associated with the industry in which the
pl ant produces, and 4) a stochastic error conponent.! This
framewor k provi des a convenient way to categorize the enpirica
evi dence, nost of which relies on the plant as the unit of
anal ysis.* Wile the allocation of variables to a particular
category is difficult and sonetines arbitrary, fromthe broad
perspective adopted here, such concerns can probably be ignored.

It is also useful to distinguish between observabl e and
unobservabl e vari ables within each source. Typical variables in
t he observabl e category for plant-specific factors include age,
size, and location, all variables that have been extensively
studi ed. * Unobservabl e variabl es include many things that are
i nportant determ nants of behavior and are now begi nning to be
studi ed by econom sts. Prine exanples are enpl oynent practices,
manageri al skills, and business unit organization and
know edge. * These factors have been the subject of both case
studi es and special surveys. Wat is newis that with the advent
of broad-based, |ongitudinal data they are now becom ng a subject
for nore generalized economc research. The new | ongitudi nal
m crodata have begun to allow researchers to control for
previously omtted unobservabl e characteristics.



Plant Effects

We begi n our discussion of plant effects by focusing on size
and age.® W have chosen to treat size and age separately from
ot her observable plant characteristics because they are by far
the nost studied. In many respects, these characteristics al so
of fer the nost severe problens of interpretation

A Si ze and Age

As business unit and firm m crodata have beconme avail abl e,
studies of the relationships between firm (and plant) growh,
survival, and nortality and their differences by size and age
have been a main focus of enpirical efforts. Most of the early
work with the mcrodata focused on policy issues, using
sophi sticated econonetric techniques to sort out the influences
of various sources of neasurenent error (transitory stochastic
i nfluences reflected in base year observations, regression to the
mean problens, and arbitrary size classifications). Evans
(1987a, 1987b), Hall (1987), and Dunne, Roberts, and Sanuel son
(1989) are inportant exanples of this work in the industrial
organi zation tradition, while Brown and Medoff (1990), and Davis,
Hal ti wanger, and Schuh (1996) provide insights on size-growh
rel ati onships fromthe | abor perspective. There is also
substantial work from other countries, (e.g., Canada, France,
Hol | and, Australia, and Germany) on the rel ationship of size and
job creation and destruction. Wile the precise rel ationships
di ffer anong countries, this literature has nmade great strides in
showi ng the potential pitfalls in draw ng concl usi ons based on
faulty statistical designs.

The focus on age and size distributions can be attributable
in part to the relative availability of neasures identifying the
size and age of a business unit and firm But the focus on these
vari ables also reflects the inportance of the size distribution



in industrial organization analyses, particularly in the
antitrust and oligopoly areas and the popularity of industrial
policy focused on “small” business. Mich of the work reflects
attenpts to identify the role of snmall business in job creation
and econom c growt h and has been driven by policy concerns. This
is a major reason for the focus on statistical issues in the
l[iterature

The rel ationship of a plant’s age to performance is simlar
to the effect of a plant’s size on performance. This is not
unexpect ed because both variables are intimately related to the
conpetitive process. The nore a firmgrows (the bigger it is)
the nore likely it is to survive another period (the older it
is). But, while size and age are correl ated, age has an
i ndependent effect on performance. For exanple, Bates and Nucci
(1990) find that the probability of firmfailure is inversely
related with age, even after controlling for the size of the
busi ness.

This is not the place to undertake a detail ed discussion of
size and age. Nunerous enpirical studies suggest that plants of
different sizes have significantly different characteristics and
performance. Bigger plants tend to be nore capital intensive,
nore productive, nore likely to adopt technol ogical innovations,
nore |likely to export, and pay higher wages. Because size is
correlated wwth all of these other characteristics, it is
inportant to control for size in studies exam ning plant
performance. Wile it is clear that size and age are inportant
observabl es that need to be controlled for in enpirical nodels of
busi ness behavior, in many respects they rai se serious
difficulties for enpirical researchers. Size and age are
outcones of the conpetitive process, and to include themin
estimating equations designed to explain firm performnce begs
t he question of what factors determ ne whether firns succeed or
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fail. Moreover, when the enmpirical focus is on size and age, the
wor ki ngs of the firmtend to be obscured and the firmis treated
as a “black box.”

B. Standard Control Vari abl es

Aside from age and size there are a w de range of observable
factors that are regularly introduced as explanatory variables in
regressions using plant performance as the dependent vari abl e.
Virtually every study with the LRD includes regional dummy
vari ables as controls and they are generally significant.

Owmnership status is another inportant variable utilized in
enpirical studies of plant performance. |In enpirical studies,
plants are often divided into two classes, single-unit and multi-
unit plants, for estimating purposes. Single-unit plants bel ong
to firns that have no other operations distinct fromthe single
plant. Milti-unit plants, in contrast, are plants that are owned
by firms with other establishnents. Typically, multi-unit plants
pay hi gher wages than single-unit plants. Further, nulti-unit
plants tend to be bigger, nore productive (MGuckin,
Streitw eser, and Donms 1996), and nore likely to export (Bernard
and Jensen 1995). \While virtually every study of plant
performance controls for this aspect of the structure of the
firm it is difficult to determi ne the exact source of the
positive relationship found. A positive relationship is likely
associated wth a positive firmeffect -- |arge successful firns
are nost likely to be multi-unit. It is also the result of
measurenent error in the plant’s performance neasure because
i nputs supplied by the firmare included in the single unit’s
costs, but not in the multi-unit’s.

Capital intensity -- assets per enployee -- is another plant
characteristic that is positively associated with plant
performance. Capital intensity is also associated with plant
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size. Bigger plants are nore capital intensive. But,
researchers find that capital intensity is positively associated
wi th plant survival and wages even after controlling for other
observabl e pl ant characteristics such as size (see, for exanple,
Dunne and Roberts 1990).

C. O her Vari abl es

Researchers have been able to nerge data from ot her sources
(for exanple, Special Census Bureau Surveys) to the basic LRD
data to create new datasets with additional variables. Such
dat asets have been invaluable in extending the |ist of factors
t hat have been enpirically linked to business unit perfornmnce.
I mportantly, they tend to bring the detail of the case study
approach to the nore general setting of the typical economc
study. They acconplish this by devel opi ng econonetric
experinental nodels that exploit general databases with
probabilistic designs, like the LRD, to control for selection and
ot her biases inherent in studies relying on particular cases or
limted survey information. See Jarmn (1995) for a nore
conpl ete description of this approach in the context of
eval uating a particul ar governnent program

One survey that has been particularly fruitful in this
regard is the Survey of Manufacturing Technol ogy (SM). The SMr
is a plant-level survey covering four two-digit manufacturing
industries (SICs 34-38). It develops information on the use of
17 relatively recent advanced conputer-based technol ogi es.
Exanpl es of such technol ogy include robotics and Conput er - Added
Design (CAD). Dunne (1991) and Dunne and Schmtz (1992) explore
the rel ati onship between plant characteristics, wages, and
t echnol ogy adoption using a 1988 version of the survey. In
addi tion, MGuckin, Streitw eser, and Dons (1996), Dons, Dunne,
and Troske (1996), and Dunne and Troske (1996), use the 1988 SM,
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in conjunction with a newer version of it conducted in 1993, to
exam ne the effects of technol ogy adopti on on busi ness unit
per f or mance.

These studi es suggest that |arger plants, nmulti-unit plants,
pl ants engaged in defense-rel ated production, and plants owned by
firme with high R&D to sales ratios are nore likely to adopt
advanced technol ogies. Mre technol ogy-intensive plants pay
hi gher wages, are nore productive, and are nore likely to survive
t han non-adopters.

R&D is also inportant to plant and firm perfornmance.

Li chtenberg and Siegel (1989) find that there is a positive
associ ation between firm R&D expendi tures and plant total factor
productivity.

Bernard and Jensen (1995) find that plants that manufacture
for export tend to be larger, nore productive, nore capital
i ntensive, and pay nore than plants that do not export. Further,
Bernard and Jensen (1996a) find that because these plants are
nor e non- producti on worker intensive than other non-exporters and
have grown as a share of total nmanufacturing enpl oynent, these
pl ants have contributed significantly to the increase in the wage
gap between production and non-production workers.

Another in this general line of studies is based on a new
dat abase |inking workers to the plants that enploy them The
dat abase, terned the Worker-Enpl oyee Characteristics Database
(WECD), contains detailed information on various personal
characteristics of the worker, (e.g., age, sex, education, etc.).
The use of this information has substantially inproved the
expl ai ned variation in a nunber of studies of business unit
performance. See Troske (1995).
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D. A Note on Evidence Froman Earlier Period

Most of the work cited so far is based on data fromthe
1963-1993 period. But sonme historical work with recently
uncovered econom ¢ census data provides a simlar picture of
busi ness success to that found in the LRD. Bresnahan and Raff
(1991) observe substantial differences in productivity anong
autonotive plants during the 1930s, a tinme when mass production
technol ogy was replacing craft production. The heterogeneity
they find is strongly associated with the technology in use at
the plant, with plants using nmass production techni ques show ng
significantly higher productivity. Today, the “Toyota systeni --
craft or custom production through nmanagenent practices
enphasi zing flexibility in produced products -- appears to
represent a return to the pre-depression era of nade-to-order
vehicles, but is now supported by new conputer-based technol ogi es
that allow for efficient adoption of human and organi zation
nmet hods unavailable in the earlier period.?®

FirmEffects

Several studies point to the inportance of firmeffects in
expl ai ni ng busi ness unit behavior. For exanple, Baily, Hulten,
and Canpbell (1992) find that plants’ productivity has an
associated “firm effect. As another exanple, Streitw eser,
(1991) finds that plants classified in the sanme i ndustry, on the
basis of their primary product, differ substantially in their mx
of secondary products. Exploiting the fact that nmany of the
plants in the sanple are part of multi-unit firms, she finds
evi dence that these differences in the secondary products
produced by manufacturing plants are explained by a plant’s
ownership structure. Another aspect of ownership status is
whether a plant is owned by a multinational firm Dons and
Jensen (1995) find that plants owned by foreign firnms and plants
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owned by U S. firms with foreign assets are bigger, nore
productive, and pay higher wages. 1In terns of explained

vari ance, however, these studies and others introducing a firm
fi xed-effect into a cross-section performance regression, find
that “firnt effects are small relative to plant-specific factors.

Unfortunately, it is inpossible to sort out the precise role
of firmand plant-specific effects on plant behavior w thout nuch
nor e sophisticated enpirical designs than those available at this
time. One problemin studying firmeffects is that they are only
separately identified in a cross-section analysis for firns
conposed of nmultiple plants. This |limts sanple sizes in many
i nstances. However, it is possible to get sone idea about their
relative inportance by conparing plant performance before and
after a firmlevel change. One of the nost inportant such
changes is an ownership change.® There is solid evidence that
ownership change is associated with significant inprovenents in
busi ness unit performance. Mergers, divestitures, |everaged
buyouts, etc. generate changes in the conposition of the firm
that affect behavior. For exanple, a series of studies have
consistently identified ownership change as an event that
i ncreases business unit productivity (see, for exanples,

Li chtenberg and Siegel 1992, Long and Ravenscraft 1993a, and
McGucki n and Nguyen 1995).

St udi es of job change and investnent at the |evel of the
busi ness unit are also consistent with significant firmeffects.
Bot h job changes (Davis, Haltiwanger, and Schuh 1996) and
i nvestment (Donms and Dunne 1994) are characterized by | arge | unpy
changes. For exanple, nost jobs are created at plants that scale
back dramatically. Job change is concentrated in plants
i ncreasing or decreasing their workforces by 25 percent or nore.
A very simlar picture energes for capital -- adjustnents of over
37 percent in one year and nore than 50 percent over two years.
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Thus, jobs typically are gained or |ost and new capital
acquisition are concentrated in particular plants. The data show
that these |arge changes are not systematic across plants, even
those classified in the same industry.'® Since dramatic changes

i n operations such as these are often concentrated in tinmes when
ownership is changing, this evidence is consistent with
significant firmeffects. Wile this evidence is indirect,
McGucki n, Nguyen, and Reznek (1995) provide direct evidence that
ownership change is related to enpl oynent grow h.

| ndustry Effects

Until recently, nmuch of the enpirical literature attenpted
to explain differences in industry-Ilevel variables where industry
is defined in terns of the SIC systemusually at the three- or
four-digit level of detail. This literatures is reviewed very
wel | by Schmal ensee in the Handbook of Industrial O ganization

(1989). Wile the econom c neaning of industry-Ilevel cross-
section regression studies of performance neasures (such as
profitability and price-cost margins) is nmurky, such studies do
suggest that factors that vary across industries are significant
i n business performance. For exanple, Dunne and Roberts (1991)
conclude a recent study of exit and entry with three

observati ons:

1. Entry and exit rates vary by industry, both in gross and net
terns.

2. These rates are stable across tine for individual industries
and an industry’s relative position in the distribution of entry
and exit rates is persistent over tine.

3. Consistent with the first two points, positive correl ations
between industry entry and exit rates are observed at each point
in tine.
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These findi ngs suggest that industry classificationis a
meani ngf ul concept in the sense that it explains firm behavior.

This conclusion is supported by various studies
incorporating industry effects into enpirical nodels of firm
behavior. Industry is inportant in explaining differences in
firmbehavior in every recent study using the LRD (see, for
exanpl es, Bernard and Jensen 1995, Donms and Jensen 1995,
McGuckin, Streitw eser, and Dons 1996, Davis, Haltiwanger, and
Schuh 1996, and Donms, Dunne, and Troske 1996). Mbdreover, this is
not a recent finding or one limted to the LRD database. Cort,
Arora, and McGuckin (1972) find significant industry effects in a
fixed effects specification for firmdiversification |levels
measured using Dun and Bradstreet data fromthe 1960s.

Simlarly, Cohen and Levin (1989) sunmarize nunerous studies and
conclude that “industry” effects explain a significant portion of
firmR&D. Schmal ensee (1985) in an influential contribution
found that industry effects were nore inportant than business
unit and firmeffects in explaining profitability using Federal
Trade Conm ssion |ine of business data. Later studies by
Kessides (1987) and, in a broader treatnent of the issue, Runelt
(1991) show that while industry effects are significant in
explaining profitability, the inportance of the industry effect
is dramatically reduced fromthat suggested in Schmal ensee’s

wor K.

Recent studies with the LRD, such as those cited above,
while not directly replicating the earlier studies, find that
industry is a significant source of “explained” variation, but
overall it explains very little of the observed variation in
pl ant performance neasures along a variety of dinensions. This
is consistent with the Runelt (1991) study that found that plant-
specific factors are the nore significant determ nants of
profitability. This nmeans that the source of nost of the
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observed variance in plant behavior is plant- or firmspecific
effects.

Q her Factors Determ ning Success

The empirical work di scussed above identifies a w de range
of characteristics associated with successful perfornance.
Moreover, the results are generally both economcally and
statistically significant. However, while the relationships are
significant, the unexplained residuals associated with them are
large (i.e., the explanatory power of the enpirical nodels is
strikingly low). The percentage of explained variance tends to
be on the order of between 10 percent and 30 percent. Simlar
| evel s of explained variation are found for regressions that use
change nmeasures -- job creation, productivity growth, investnent,
for exanples -- as the perfornmance variable. Thus, nost of the
variance in the data is unexplained and, therefore, idiosyncratic
to the business unit.

Thi s suggests that unobserved business unit characteristics
i ke managenent practices, production process, and so forth, play
a large role in performance differences. |In turn, the inportant
determ nants of plant performance are now begi nning to be studied
by econom sts. Many of these, for exanple, differences in plant
t echnol ogi es (process and products) and managerial skills and
practices, have been the provence of the case study or business
school approach. However, with the new | ongi tudi nal databases
covering large sectors of the econony (e.g., manufacturing) it is
possible to study within plant factors systematically. In
attenpts to explain nore of the variation in perfornmance,
researchers have noved to supplenent data in the LRD with other
ancillary, special surveys. As illustrated by the research with
the SMI, described above, this is where nuch of the current
research activity with the LRD is concentrat ed.
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Per si st ence

We observe considerable variation in business units in the
cross-section. W also observe entry, exit, plants grow ng, and
pl ants shrinking over tinme. This |eads to the question: How
stable are intra-industry distributions of plant characteristics
over time? The evidence on persistence is relatively new, but a
pi cture of how the distribution of plants evolves over tine is
begi nni ng to energe.

For exanple, while there is strong evidence that
real l ocations of resources fromlow to high productivity plants
are the nost inportant factor in the growh of productivity in
the econony, there al so appears to be substantial persistence in
pl ant productivities (see Baily, Hulten, and Canpbell 1992,

Bartel sman and Dhrynmes 1992, and Dwyer 1995a). The finding of
significant persistence in plant productivity performnce across
ti me suggests that permanent characteristics of the business unit
account for its superior performance. Recent work by Dwer
(1995b) offers strong support for the existence of such permanent
characteristics. He estimates that the persistent effects have a
hal f-1ife of 10-20 years in the textile industry and explain
nearly one-half the observed variation in productivity.

O her work al so suggests that long-lived characteristics are
i nportant determ nants of performance. In a very conprehensive
study of 13 honogeneous products, Roberts and Supina (1994) find
“clear patterns of price dispersion anong producers with the
anount of dispersion varying substantially across products but
relatively little over tinme for a given product.” Mreover, they
find substantial persistence in the pricing of individual plants
conpared to what one woul d expect fromrandom novenents. Thus,

t hey conclude that plants have stable permanent differences in
costs that are reflected in their product prices, even within
narrowl y defined product groupings.
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The work cited so far on persistence in the productivity
distribution -- the nost general neasure of plant efficiency --
is usually based on specific industries and tine periods.
Therefore, it made sense to derive sone sinple descriptive
statistics on persistence across the entire manufacturing sector.
For this purpose, we selected fromthe LRD all plants producing
in 1992 (over 350,000) and fromthis group of plants we
identified all those that were operating in 1987. This gave us a
sanple that included all plants operating in 1992 that were five
or nore years old. W then classified each of these plants
according to its primary four-digit Standard I ndustri al
Classification (SIC) code. There were 458 four-digit industries
in manufacturing in 1992,

For each industry, we regressed the plant’s relative |abor
productivity (total shipments/total enploynent for the plant
di vided by the average | abor productivity for the four-digit
industry in which the plant was classified) in 1992 on the
simlar value for 1987.2° This yiel ded 458 regression
coefficients, each show ng the average rel ati onship between
productivity in 1992 and productivity five years earlier for a
four-digit industry.

The results of these calculations are displayed in Table 1
and are grouped by the 20 two-digit manufacturing sectors.
Plants in industries wwth a higher coefficient show greater
persistence in the sense that their position in the productivity
distribution in 1992 is positively correlated wth that in 1987.
Table 1 shows that the average (unweighted) industry had a
regression coefficient of .54 with a variance of .08. But the
range was quite wde -- fromabout .75 for food and tobacco to
| ess than .40 for transportation, furniture, and m scel |l aneous
manuf act uri ng.
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Since this work is prelimnary, we don't want to dwell on it
except to note that in all industries, the estimted coefficients
are consistent with substantial persistence in the productivity
di stribution over the five-year interval.

But, the regressions al so suggest that transitory factors
are inportant. A plant’s productivity in 1992 is positively
related to its productivity five years earlier, but the
correlation is far fromperfect. Thus, in addition to
persi stence, there appears to be a good deal of regression to the
mean in the data. Because of this, sone formof a random
shock/ measurenent error nodel of productivity dynamcs is al so
wor ki ng. Dwyer (1995b) offers sone support for this view

Taken together, the evidence suggests that a nodel conbining
persi stence with random shocks, both common and idiosyncratic, is
likely to be necessary if we are to explain productivity
dynam cs. Such dynam c structural nodels need to be devel oped
and estimted. Analyses examning the relationships of nultiple
di mensi ons of performance are a natural extension of the new
enpirical literature

IV. Industry Dynamics

Wil e nodel s and enpirical work conmbining the el enents of
firmlevel heterogeneity, firmlevel persistence, and firm
sectoral, and aggregate random shocks are relatively new,
evidence is enmerging suggesting that this is a fruitful way to
t hi nk about firmand industry evolution. Researchers are
begi nning to uncover enpirical evidence of the aggregate effect
of plant- and firmlevel changes.

As noted above, Davis, Haltiwanger, and Schuh (1996) find
t he magni tudes of gross enpl oynment changes -- both job creations
and job destructions -- are substantial. On average, 1 in 10
manuf acturing jobs are lost in an average year, and 1 in 9 are
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gained. This neans that 19 percent -- al nost 20 percent of al
jobs in manufacturing -- are reallocated anong pl ants each
year.?! Cearly, these figures suggest that change -- growh and
decline -- is a dom nant characteristic of the econony.

Davi s, Hal tiwanger, and Schuh also find | arge gross changes
in enpl oynent at individual plants in every manufacturing
i ndustry during the 1972-1988 period they studied. Regardless of
whet her an industry showed increase, decrease, or no change in
its net enploynent, the authors observe sone plants increasing,
sone plants decreasing, and sonme plants not changing their
enploynment. And a simlar pattern of large, idiosyncratic
changes is observed for capital (see Dons and Dunne 1994 and
Power 1995).

How does the heterogeneity anong plants, observed for both
| evel s and changes, affect conpetition and economc growth? |If
we observe an industry at two points in tine we can
categorize the firnms into three categories, stayers -- those
operating at both the beginning and the end of the period --
entrants, and exits. Davis, Haltiwanger, and Schuh (1996) find
that a considerable portion of this reallocation of enploynent
i nvol ves plants that operate continuously; annually, only 15
percent of job creation and 22 percent of job destruction are
associated wth entry and exit, respectively. Even over five-
year intervals, entry and exit are not the prine vehicles for
expansi on and contraction of jobs or output.

The story for productivity is simlar. |In an inportant
enpirical study, Baily, Hulten, and Canpbell (1992) investigate
the role of plant-level productivity in industry productivity
dynam cs. Somewhat surprisingly, in light of the |arge turnover
of plants through entry and exit in nost industries,? the Baily,
Hul ten, and Canpbell study finds that entry and exit are
relatively uninportant in aggregate productivity growh, even
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over the full 15-year period they study. Roughly two-thirds of
the aggregate productivity growh is attributable to gains in
mar ket shares by the nost efficient producers and declines in
mar ket share by the least efficient.?® This basic finding --
that the nost productive business units grow faster and are |ess
likely to exit -- has been confirnmed by a host of studies with
the LRD (see Dhrynes 1989, Bartel sman and Dhrynes 1992, O ley and
Pakes 1996, Dwyer 1995 (a and b), and Roberts and Supi na 1994).
In turn, there is convincing support for the proposition that
econom c gromh is achieved via a conpetitive selection process
in which the nost efficient firns survive.

Cabal | ero, Engel, and Hal ti wanger (1995) suggest that
understanding the distribution of plant attributes is inportant
t o understandi ng how an industry or sector will respond to a
random shock. They exam ne the response of plant-1evel
i nvestnment to changes in tax policy. They find that aggregate
i nvest nent behavi or depends on plant-|evel adjustnents to
capital. This, in turn, depends on the distribution of plant
characteristics and past plant decisions. This research begins
to integrate aspects of plant heterogeneity, persistence, and
random shocks into a nodel of how plants and industries evolve.

As anot her exanpl e, consider the problem of eval uating
product choice and energy usage decisions in reaction to a change
in energy prices. This kind of problemarises in assessnents of
econom ¢ or environnental policies such as the inposition of an
energy tax. In the absence of a nodel and data at the plant
| evel, an analysis conpletely describing the effects of the
policy change is not possible. In this application, the
responses of small, high-mllage cars nakers and | owm | eage care
producers will differ. Al so, poor people who cannot afford to
shift to new, high-ml|eage cars wll bear a significant burden of
the tax. They will continue to use their high-mleage cars
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| onger than high-inconme drivers (inconme effect). Aside from
equity issues, this wll affect the dynam c adjustnents and del ay
increases in the mles per gallon of the average car on the road.
Pakes (1990) explicitly nodels the role of plant and firm
differences in his analysis of the effect on the auto industry of
changes in energy costs.

V. Concluding Observations

Het erogeneity is a fact of |life anong firnms and their
business units. It is the nost pervasive attribute of the data
and is found across all sectors no matter how the sector is
defined -- by industry, region, size, etc. Once you group
busi ness units on one variable, they vary on virtually al
others. For exanple, the various studies find significant
differences in the product structure, productivity, productivity
grow h rates, investnment, export activity, nerger, organization,
technol ogy, age, nmark-up differences, R&D, ability to assimlate
new t echnol ogi es, rate of |earning by doing, job creation, job
destruction, environmental em ssions, capital intensity, etc.
anong business units classified in the sane industry.

Firms are not only different in the cross-section. They
enter at different tinmes and make different choices about the
products they produce and the technol ogies they use. In turn,
their different circunstances nean that they react differently,
even to common external shocks. Heterogeneity is observed across
time as well as in the cross-section. During any tinme interval,
observed changes anong firns in the sane industry are uneven and
i diosyncratic as sone open and sonme grow, while others shrink and
di e.

Thus, to understand econom c performance and conpetition,
one nust nove beyond representative firmnodels. Since nost of
t he observed variation in the data is within industries, economc
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change cannot be understood in terns of the behavior of an
“average” firmin an industry-|evel analysis.

The enpirical evidence supports the view that sone firns
wi |l succeed (that is, survive and grow) and sone firnms wll fail
(1 ose market share and go out of business). Thus, conpetition
can be characterized as a process in which successful firms grow
and | ead industry gromh at the expense of |less efficient rivals.

But what factors distinguish successful firms from
unsuccessful ones? While the enpirical evidence has identified a
w de variety of factors associated with successful firns, the
evidence is not clear on what |lies behind the observed
rel ati onshi ps. For exanple, the evidence that adoption of
advanced technology is positively related to performance is
overwhel m ng. But does this positive association reflect the
i npact of the technology on the efficiency (conpetitiveness) of
the adopting firm or is it primarily a manifestation of well -
managed efficient firnms being nore likely to adopt advanced
t echnol ogi es?

The problemis that nuch of the research di scussed above has
used nodel s that explore pair-w se correl ati ons anong vari abl es.
Wil e establishing correlation is an inportant first step, the
results should not be interpreted as causal rel ationships between
busi ness unit characteristics. The observed correl ati ons can
reflect a positive relationship between perfornmance and
t echnol ogy adopti on because both of these variables are
positively correlated with a third, unobserved factor.

This is a real possibility. The vast majority of variation
in firmperformance is not associated with traditional
observabl es such as location, industry, size, age, or capital.

Rat her, this variation is associated with unobserved factors
specific to the firmor business unit, many of which appear to be
permanent attributes of the business unit. One such attribute is
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the managerial capital of the firm another is the skills of its
wor kf or ce

The nost inportant area for research is the devel opnent and
estimation of nodels that disentangle the causes and effects of
firmgrowh.? A logical next step in this line of research is
to flesh out a nore conplete picture of the relationships between
pl ant characteristics and plant performance. Causal nodels would
all ow us to nove beyond nore sinple correlations to answer such
specific questions as: Do plants that have hi gher wages grow? O
is it that successful plants grow, and then |ater pay higher
wages? Wiat is the relationship of exporting and success? Do
exporters becone successful firms or do successful firnms becone
exporters? How long does it take before strong productivity
growt h yields inproved business outcones, and what is the
strength of that relationship? Answers to these and simlar
guestions can, in turn, help identify firms that show particul ar
potential for success.
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TABLE 1
THE RELATIONSHIP BETWEEN PLANT PRODUCTIVITY IN 1987 AND 1992*

SIC Number of Mean Slope Mean Slope
Four-Digit Variance
Industries

All I ndustries 458 0.55 0. 08177
20 Food 48 0.61 0. 05927
21 Tobacco 4 0.75 . 015413
22 Textiles 23 0. 54 0. 12979
23 Appar el 31 0. 57 0. 17257
24 Lunber & Wbod 17 0.61 0. 03069
25 Furniture 13 0. 34 0. 03788
26 Paper 17 0. 66 0. 06059
27 Print.& Publ. 14 0. 50 0. 04253
28 Chem cal s 29 0.74 0. 08271
29 Petrol eum 5 0. 68 0. 02594
30 Rubber 15 0.51 0. 03139
31 Leat her 11 0. 65 0. 15078
32 Stone & O ay 26 0. 44 0.04737
33 Primary Met al 26 0. 56 0. 09480
34 Fab. Metal 38 0. 49 0. 03913
35 Machi nery 51 0. 57 0. 10563
36 El ectronics 37 0. 56 0. 14573
37 Transportation 18 0. 37 0. 20866
38 Instrunents 17 0. 48 0. 03910
39 M scel | aneous 18 0. 36 0. 02993
* The nean slope in the 2-digit industry is obtained by

regressing In Py, = a + b (In Pg;) for each 4-digit manufacturing
industry. P = relative productivity.
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ENDNOTES

1. This is in sharp contrast to the business literature that
focuses on case studies of particular business units and the
operation of firns.

2. Even when mcrodata on firms is publicly available, it
usually is for large, multi-unit firns operating in many
industries. Use of firmlevel data under these circunstances
| eads to serious aggregation biases in the study of business
behavi or. See McGuckin and Nguyen (1995).

3. A related factor is that nost econom sts sinply did not
think that the biases inherent in m sspecified industry- and
econony-w de nodels were very large. O course, in the absence
of access to the mcrodata, there was sinply no other alternative
than to use the aggregative data.

4. For the representative firmnodel to fail, the functions

t hat aggregate individual firmresponses into aggregate vari abl es
need to be non-linear. As indicated, this condition is satisfied
both in the cross-section and over tine.

5. Davi s, Haltiwanger, and Schuh (1996) is the nost
conprehensive source in terns of the nunber of factors exam ned.
Ext ensi ve heterogeneity is not restricted to the U S. (In
addition to the above cited book see Bal dwi n, Dunne, and

Hal ti wanger 1994, which conpares job flows in the U S. and
Canada) .

6. The LRD i s housed at CES, an econonmi c research unit of the
U S. Census Bureau.

7. See McGuckin and Pascoe (1988) for a description of the LRD
Research with the LRD is described in MGuckin (1995), MGuckin
and Reznek (1993), and the annual reports of the CES.

8. Wil e there have been sone panel studies, nost of the work
to data has been cross-sectional, with the |ongitudi nal data
primarily used to construct specific nmeasures of change at the
pl ant | evel.

9. In the nodels, the firms initial position is based on a
random draw from a distribution of efficiencies.
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10. While sone of the heterogeneity within industries may result
frompoorly defined SICs, this source of error is unlikely to
elimnate the heterogeneity since it is observed in virtually al
i ndustries and even in product class groupings.

11. We ignore interaction effects for the purposes of this
di scussion, but they mght be significant in the data.

12. McGQuckin (1992) argues that the plant is the preferred unit
of analysis in nost applications. MGQ@uckin and Nguyen (1995)
show t hat for analysis of ownership change, the use of the firm
as the unit of analysis |l eads to aggregation biases that are not
present when the plant is the unit of analysis.

13. In principle, we also could include “industry” in the |ist
of observabl e plant characteristics. However, it is useful to
di stinguish this variable separately since industry has, until
recently, been the main unit of observation in enpirical work.

14. These idiosyncratic or unobservable factors generally

i ncl ude human and organi zational capital. See CGort, G awbowski,
and McGuckin (1985) for a discussion of the differences between
the two types of capital.

15. Unl ess explicitly noted, the results described throughout
this section are independent of the particul ar business unit
behavi or or performance neasure used as the dependent or the “to
be expl ai ned” vari abl e.

16. Bresnahan and Raff (1991) find that differences in price-
cost margi ns between business units were not tied to the type of
technol ogy used. They appeared nore closely aligned with

| ocal i zed conpetition in product space. |In today’s world, gl obal
conpetition probably leaves little roomfor |ocalized rents.

17. The product structures of plants change, often dramatically,
over time. See McG@uckin and Peck (1992).

18. Many earlier studies (see Mieller 1993 for a review) suggest
t hat mergers have neutral or negative effects on acquiring firms
performance. These studies, for the nost part, use data from
sanpl es conposed of large nmulti-unit firnms. Recent work by
McGucki n and Nguyen (1996) indicates that such studies are
subject to significant aggregation bias that tends to obscure the
positive inpacts of nerger.
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19. Most of the job changes described are persistent. On
average, 71 percent of all the jobs created | ast at |east one
year. 56 percent last for 2 years. Job destructions are even

nore persistent -- 82 percent are not regained in one year, and
74 percent are still lost 2 years later. This suggests that
growh or decline in plants is permanent. So these effects

i nvolve real restructuring and change -- not transitory
novenents.

20, W also carried out the exercise for plants producing in
1982 and 1987, as well as in 1992. This allowed us to use the
average | abor productivity in 1982 and 1987 as the base year
value. By doing this, we are able to, partially at |east,
control for transitory factors that woul d be average out due to
regression to the nean. The results are broadly consistent with
t hose reported here.

21. Net changes in jobs -- about 1 percent per year -- are snal
relative to gross.

22. Entry and exit are relatively larger in ternms of nunber of
busi ness units -- 35 to 40 percent over the typical 5-year
peri od.

23. There are reasons to believe that the entry/exit effects are
mnimzed in their enpirical deconposition and that sonme of the
pl ant -specific growh reflects growh by entrants subsequent to
their entry. The problemis that |ow productivity firns exit and
the entrants that replace themalso typically exhibit bel ow
average productivity at the tinme of entry. But surviving
entrants grow very qui ckly and inprove productivity, reaching
average levels in 5 to 10 years. Thus, a good deal of the
“plant” growth effect observed by the authors -- about one-third
of aggregate productivity growh -- may be associated with
subsequent growth by entrants. Al exander (1994) nmakes this point
on page 8.

24, Bernard and Jensen (1996b,c) begin to disentangle the
rel ati onshi p between plant characteristics, performance, and

exporting in a dynamc nodel. They find that better plants do
becone exporters and there is sonme evidence of gains from
exporting -- thus underlining the need for nore sophisticated

nodel i ng appr oaches.
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